Objective: To examine associations between history of traumatic brain injury (TBI) diagnosis and death by suicide among individuals receiving care within the Veterans Health Administration (VHA). Method: Individuals who received care between fiscal years 2001 to 2006 were included in analyses. Cox proportional hazards survival models for time to suicide, with time-dependent covariates, were utilized. Covariance sandwich estimators were used to adjust for the clustered nature of the data, with patients nested within VHA facilities. Analyses included all patients with a history of TBI (n = 49 626) plus a 5% random sample of patients without TBI (n = 389 053). Of those with a history of TBI, 105 died by suicide. Models were adjusted for demographic and psychiatric covariates. Results: Veterans with a history of TBI were 1.55 (95% confidence interval [CI], 1.24-1.92) times more likely to die by suicide than those without a history of TBI. Analyses by TBI severity were also conducted, and they suggested that in comparison to those without an injury history, those with (1) concussion/cranial fracture were 1.98 times more likely (95% CI, 1.39-2.82) to die by suicide and (2) cerebral contusion/traumatic intracranial hemorrhage were 1.34 times more likely (95% CI, 1.09-1.64) to die by suicide. This increased risk was not explained by the presence of psychiatric disorders or demographic factors. Conclusions: Among VHA users, those with a diagnosis of TBI were at greater risk for suicide than those without this diagnosis. Further research is indicated to identify evidence-based means of assessment and treatment for those with TBI and suicidal behavior. higher frequency of suicide attempts, 8.1% versus 1.9% in the general population. In a seminal study, Teasdale and Engberg 1 reviewed hospital admission records and found that the incidence of suicide among those with concussion, cranial fracture, and cerebral contusion/intracranial hemorrhage were increased relative to the population as a whole.
higher frequency of suicide attempts, 8.1% versus 1.9% in the general population. In a seminal study, Teasdale and Engberg 1 reviewed hospital admission records and found that the incidence of suicide among those with concussion, cranial fracture, and cerebral contusion/intracranial hemorrhage were increased relative to the population as a whole.
These findings are particularly relevant in light of the high rate of TBI being sustained by military personnel serving in Iraq and Afghanistan 3, 4 and concerns regarding suicidal behaviors among members of the armed forces and veterans. 5, 6 Estimates of military personnel serving in current conflicts who have either screened positive or been diagnosed with clinician-confirmed mild TBI range from 11% to 23%. 3, 4, 7, 8 In addition, recent studies suggest a high rate of TBI among individuals seeking Veterans Health Administration (VHA) mental health and substance abuse treatment services.
258
JOURNAL OF HEAD TRAUMA REHABILITATION/JULY-AUGUST 2011 members of the general population, suicide rates among individuals receiving care in the VHA are concerning. 11 Despite evidence that suggests that members of the military and veterans are at increased risk for suicide and TBI, no published studies were identified regarding the relationship between history of TBI and death by suicide among individuals seeking care (inpatient [IP] and outpatient [OP] ) at VHA facilities. This study describes the relationship between history of TBI and suicide in this high-risk population.
METHODS

Subjects
The VHA is the largest healthcare system in the United States and provides a medical benefit package to all enrolled military veterans. As part of this package, a range of IP and OP services are offered. Individuals who received VHA IP or OP healthcare services between Fiscal Years (FY) 2001 and 2006 were included in the analyses (n = 7 850 472). The number of VHA users identified with a history of TBI during the observation period (FY 01-FY 06) was 49 626, of which 105 died by suicide. The numbers of VHA users (FY 01-FY 06) by TBI severity were 12 159 with concussion or cranial fracture, of which 33 died of suicide, and 39 545 with cerebral contusion/traumatic intracranial hemorrhage, of which 78 died of suicide. The total study population of VHA users was 90% men. About 21% of the VHA users in the study were 18 to 44 years old, 39% were 45 to 64 years old, and 40% were 65 years old or older. See Table 1 for VHA user characteristics  and Table 2 for VHA users by TBI diagnosis and suicide status.
Procedures
The IP discharge and OP visit medical record notes were searched for a diagnosis of TBI (International Classification of Diseases [ICD]-9 codes). 12 Diagnoses of interest were similar to those used by Teasdale and Engberg, 1 who grouped individuals into 3 categories: concussion; cranial fracture; and cerebral contusion/traumatic intracranial hemorrhage. In the present study, individuals with the following diagnoses were included in analyses and grouped as follows (ICD-9 codes 12 are also presented): (1) concussion (850), cranial fracture-fracture of vault of skull (800), fracture of base of skull (801), and other and unqualified skull fractures (803) and (2) cerebral laceration and contusion (851); subarachnoid, subdural, and extradural hemorrhage after injury (852); other and unspecified intracranial hemorrhage after injury (853); and intracranial injury of other and unspecified nature (854). Those with more than 1 IP/OP record with differing TBI-related diagnoses were coded by using the most severe diagnosis, concussion being least severe and contusion/hemorrhage being the most severe. Discharge diagnoses that included epilepsy (ICD-9 code 345) 12 were excluded. The IP and OP medical records were also searched for history of the following psychiatric diagnoses by using ICD-9 codes 12 : substance use disorder; bipolar disorder; major depressive disorder (MDD); other depression, no MDD; other anxiety disorder; posttraumatic stress disorder; and schizophrenia/schizoaffective disorder. See Table 3 for information regarding VHA users by psychiatric diagnosis. Demographic covariates, including age and sex, Veteran Integrated Service Network (VISN), and Veterans Affairs (VA) facility where care was last received, were also identified.
Data regarding vital status and dates and causes of death from the start of FY 2001 through the end of FY 2006 were obtained from the National Death Index (NDI). The NDI compiles death record data for all US residents from state vital statistics offices. The NDI has the greatest sensitivity in determining vital status among all available population-level sources of mortality data. 13 Suicide deaths were identified by using the ICD-10 codes X60 to X84 and Y87.0.
14 No NDI searches were conducted for individuals who used 11 this method was designed to be both cost-efficient and yield a full population assessment of vital status and cause of death among all individuals who received VHA services during the year(s) of interest. In instances where the NDI search yielded multiple records as potential matches, procedures described previously by Sohn and colleagues 15 were used to identify "true" matches.
Data analysis
Cox proportional hazards survival models for time to suicide in FY 01 to FY 06, with time-dependent covariates, were utilized. In the study sample, patients received TBI diagnoses at different time points during the period FY 01 to FY 06 and used the VHA for varying lengths of time. To conduct multivariate analyses, we needed to account for these differences in exposure times. For example, some patients who used the VHA since FY 01 did not get a TBI diagnosis until FY 05. On the contrary, some patients may have started using the VHA in FY 04, received a TBI diagnosis in FY 05, and died by suicide in FY 06. With these considerations in mind, we used Cox proportional hazards survival models for time to suicide with a time-dependent covariate for TBI diagnosis while controlling for patient demographics such as age group (18-44 years, 45-64 years, and 65 years or greater), sex, psychiatric comorbidities, and VISN. Covariance sandwich estimators were used to adjust for the clustered nature of the data, with patients nested within VHA facilities. Recognizing that this statistical method was computationally intensive-the huge number of observations (about 8 million records) and examining a time period of 6 years (FY 01-FY 06)-we decided to run the analyses for a cohort consisting of all TBI patients plus a 5% random sample of non-TBI patients. This approach allowed us to use the data for all cases, 105 patients who died by suicide and had TBI (FY 01-FY 06).
Separate multivariate survival models were estimated for any TBI (all combined) and for each TBI severity (concussion/cranial fracture and cerebral contusion/traumatic intracranial hemorrhage). For each model, a cohort consisting of all TBI patients plus a 5% random sample of non-TBI patients was constructed. For any TBI (all combined), the cohort consisted of all patients with a history of TBI (n = 49 626) plus a 5% random sample of patients without any TBI (n = 389 053). For concussion/cranial fracture, the cohort consisted of all patients with a history of concussion/cranial fracture (n = 12 159) plus a 5% random sample of patients without concussion/cranial fracture (n = 391 019). For contusion/hemorrhage, the cohort consisted of all patients with a history of contusion/hemorrhage (n = 39 545) plus a 5% random sample of patients without this history (n = 389 580). 
RESULTS
Traumatic brain injury and psychiatric diagnosis
Among all VHA users, significant differences were identified in the rate of all psychiatric diagnoses between those who died by suicide and those who did not (P < .0001) ( Table 3) . Similar patterns were identified among those with a history of TBI, though not across all psychiatric diagnoses. Of note, the rate of MDD was significantly greater among those with TBI (all severity levels) who died by suicide versus those who did not (concussion/cranial fracture, P < .00092; Cox proportional hazards survival model for time to suicide, adjusted for gender, age group, and VISN. Adjusted for clustering at the facility level by using the covariance sandwich estimator. Age groups are "age 18 to 44," "age 45 to 64," and the reference group, "age 65 or older." c Cox proportional hazards survival model for time to suicide, adjusted for gender, age group, VISN, and psychiatric diagnoses (substance use disorder, bipolar disorder, major depressive disorder, non-major depressive disorder depression, other anxiety disorder, posttraumatic stress disorder, and schizophrenia). Adjusted for clustering at the facility level using the covariance sandwich estimators.
contusion/hemorrhage, P < .0001). The rate of substance abuse was significantly greater among those with more severe injuries.
Traumatic brain injury and suicide-all combined
Of those with a history of TBI, 105 individuals seeking VHA IP or OP healthcare services died by suicide during FY 01 to FY 06. In unadjusted bivariate analyses, those with a history of TBI were about 1.5 times more likely (95% confidence interval [CI], 1.21-1.77; P < .0001) to die by suicide than those without a history of TBI. The positive association between TBI and suicide was not explained by the presence of psychiatric disorders or demographic factors. In survival models controlling for only patient demographics, those with a history of TBI were 2.00 times more likely to die of suicide (95% CI, 1.63-2.45; P < .0001). After controlling for psychiatric comorbidities and patient demographics, those with a history of TBI were 1.55 times more likely to die of suicide (95% CI, 1.24-1.92; P < .0001) ( Table 4 and Figures 1 and 2 ).
Traumatic brain injury and suicide by severity
Of those with a history of concussion/cranial fracture, 33 died by suicide; 78 of those with a history of cerebral contusion/traumatic intracranial hemorrhage died by suicide. Veterans with a history of concussion/cranial fracture were 1.88 times more likely (95% CI, 1.33-2.64; P = .0002) to die by suicide than those without a history of TBI. In addition, those with a cerebral contusion/traumatic intracranial hemorrhage were 1.36 times more likely (95% CI, 1.09-1.70; P = .0062) to die by suicide than those without a history of TBI. The positive associations between concussion/cranial fracture, cerebral contusion/traumatic intracranial hemorrhage, and suicide were not explained by the presence of psychiatric disorders or demographic factors. In survival models controlling for only patient demographics, those with a history of concussion/fracture were 2.60 times more likely to die of suicide (95% CI, 1.83-3.71; P < .0001). After controlling for psychiatric comorbidities and patient demographics, those with a history of concussion/fracture were about 1.98 times more likely to die of suicide (95% CI, 1.39-2.82; P = .0002). In survival models controlling for only patient demographics, those with a history of cerebral contusion/traumatic intracranial hemorrhage were 1.74 times more likely to die of suicide (95% CI, 1.43-2.11, P < .0001). After controlling for psychiatric comorbidities and patient demographics, those with a history of concussion/fracture were 1.34 times more likely to die of suicide (95% CI, 1.09-1.64; P = .006) ( Table 4 and Figures 1 and 2 ).
DISCUSSION
Among individuals receiving care within the VHA, those with a history of TBI were at greater risk for suicide than those without this diagnosis. Specifically, individuals who used VHA healthcare services and were diagnosed with TBI by their VA provider were approximately 1.5 (95% CI, 1.24-1.92) times more likely to die by suicide than those without TBI. The positive association between history of TBI and suicide risk was not explained by the presence of psychiatric disorders; that is, history of TBI had an independent influence on suicide risk separate from other mental health conditions. This increased risk was present for individuals across the continuum of injury severity (concussion/cranial fracture hazard ratio [HR] = 1.98, cerebral contusion/traumatic intracranial hemorrhage [HR] = 1.34).
These findings support the need for active TBI screening and assessment of veterans from all cohorts (eg, Vietnam). Current practices within the VA were implemented in 2007 and included screening only Operation Enduring Freedom/Operation Iraqi Freedom (OEF/OIF) Veterans for a history of TBI with persistent symptoms. 16 Screening questions query history of injury event with subsequent alteration in consciousness and presence of immediate and persistent symptoms after the event.
17 Per the VA policy, if a veteran responds negatively to any of the questions, the screen is considered negative. 17 As such, those with a history of TBI without persistent symptoms would screen negative, thereby potentially limiting available information regarding TBI history. In the current study, the rate and nature of persistent symptoms among those identified with a history of TBI are unknown. It may be that the presence of persistent symptoms is not necessary for history of TBI to increase risk for suicide. If this is in fact the case, further consideration regarding scoring criteria for existing OEF/OIF screening measures may be needed. Future efforts to increase understanding regarding the complicated relationships between TBI history, sequelae, and death by suicide are indicated.
As psychiatric disorders are both highly prevalent among this population 18, 19 and known to increase risk for suicide, 20 it is important to assess veterans with TBI for mental health problems. For all groups, among VHA users with and without TBI, those with psychiatric diagnoses were more likely to die by suicide than those without these mental health conditions. This was true across TBI severity levels and suggested that adequately treating such disorders might reduce risk for suicidal behavior.
Nevertheless, the increased suicide risk among those with TBI did not appear to be fully addressed by solely attending to hallmark symptoms associated with common mental health conditions (eg, depression). Findings from this study suggested that history of TBI had an independent influence on suicide risk separate from other mental health conditions (eg, substance use disorder and MDD), thereby further supporting the need for TBI screening within mental health settings. Further research is also required to assess other factors that may contribute to suicidal behavior in this high-risk population. For example, there is mounting evidence to suggest that executive dysfunction, due in part to organic injury, is a risk factor for suicidal behavior in those with TBI. Mann et al 21 found an association between suicide risk and TBI, and on self-report measures, those with a history of TBI had higher aggression and impulsivity factor scores. Among 325 patients with depression (uni-/bipolar), Oquendo et al 22 identified increased suicidal behavior in those with higher levels of aggression. In their study, aggression was also identified as a risk factor for sustaining a TBI. Moreover, those with TBI endorsed higher levels of aggression postinjury, thereby suggesting that this increase was at least in part related to their TBI. Findings from the current study coupled with research regarding executive dysfunction and suicide in those with TBI suggest that further work is required to educate clinicians about assessment and treatment of TBI sequelae (eg, aggression, impulsivity, poor decision making) that may increase suicidal behavior. It is also important to note that veterans with TBI may have a premorbid history of executive dysfunction that placed them at risk for injury and/or subsequent suicidal behavior. Research is needed to assess the role of executive dysfunction as a risk factor for TBI and/or suicidal behavior in veterans with and without a history of TBI.
A limitation of the current study is related to the use of retrospective data. Moreover, it is likely that common problems associated with the use of such data were exacerbated by the challenges associated with retrospective identification of TBI history 23 and healthcare provider misinformation regarding TBI 24 (see Corrigan and Bogner 23 and Brenner et al 24 ) . Although findings suggested that increased risk for death by suicide was present for those across the injury severity continuum, further work is required to clarify whether those with concussion/cranial fracture versus cerebral contusion/ traumatic intracranial hemorrhage are unique populations. It is likely that factors associated with increased risk vary depending on the severity of injury sustained.
It may also be that preexisting factors contribute to a greater degree for a subset of the population (eg, those with concussion). Finally, additional unexplored covariates (eg, pain) may have contributed to the findings and, as such, should be examined in the future.
The TBI screening procedures for OEF/OIF were implemented in 2007 . 17 As such, the presented data are likely to underestimate the rate of concussion among VHA users, particularly in the OEF/OIF cohort. Injuries described in this study were largely not sustained in Iraq or Afghanistan. In addition, the low base rate of suicidal behavior required that injury types be collapsed. Replication of this study with Teasdale and Engberg's 1 3 cohorts is indicated.
In a recent systematic search of the literature regarding TBI and suicide, Simpson and Tate 25 suggested that the study of suicide among the population of those with a history of TBI continues to be "sparse" and "fragmented." This is particularly true in terms of research aimed at identifying evidenced-based means of assessment (ie, suicide risk) and intervention (ie, suicide prevention) for members of this high-risk population. Findings from this study support such efforts to decrease risk for suicide among VHA users with a history of TBI.
